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ABSTRACT

BP 897 is a potent (K; = 0.92 nM) dopamine D, receptor compound developed for the
treatment of cocaine abuse and craving. BP 897 has a high selectivity for the dopamine D,
versus D, receptors (70-fold) and a moderate affinity for 5-HT, , receptors, (K; = 84 nM),
adrenergic-a, (K; =60 nM) and -a, adrenoceptors (K; =83 nM). BP 897 displays signif-
icant intrinsic activity at the human dopamine D, receptor by decreasing forskolin-stimu-
lated cAMP levels and by stimulating mitogenesis of dopamine D;-expressing NG108-15
cells. Although these findings suggest that BP 897 is a partial agonist, recent studies in
Chinese Hamster Ovary (CHO) cells with expressed dopamine D, receptors demonstrated
that BP 897 is devoid of any intrinsic activity but potently inhibits dopamine agonist ef-
fects (pICs,=9.43 and 9.51) in agonist-induced acidification rate or increase of GTPyS
binding, respectively. In addition, BP 897 inhibits in vivo (EC5,= 1.1 mg/kg, i.v.) ag-
onist-induced decrease of firing rate of dopaminergic neurons in the substantia nigra.

It has been clearly shown that BP 897, 1 mg/kg, i.p., reduces cocaine-seeking behavior
in rats, without producing reinforcement on its own. In rhesus monkeys, BP 897 is not
self-administered (up to 30 pg/kg, i.v.) but reduces cocaine self-administration. The po-
tential usefulness of BP 897 in the treatment of drug-seeking behavior is further supported
by its effects in drug conditioning models. Although BP 897 reduces L-DOPA—induced
dyskinesia in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-treated monkeys, it
provokes a return of parkinsonian symptoms. At high doses BP 897 has been reported to
produce catalepsy in rats. Pharmacokinetic and toxicological data have not yet been pub-
lished. These interesting preclinical findings with BP 897 provide additional validation for
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dopamine D, receptor as a therapeutic target for the treatment of cocaine abuse and its as-
sociated central nervous system (CNS) disorders. BP 897 recently entered phase II clinical
studies.

INTRODUCTION

Cocaine Abuse and Related Disorders as a Therapeutic Indication

Cocaine, used in some South American traditional cultures to induce euphoria, has
become one of the most abused psychostimulants in Western countries. It has been esti-
mated that ca. 5.8 million people are regular users of cocaine in the United States (63). Co-
caine is rapidly absorbed and distributed to all body tissues, producing important phy-
siological and psychological effects (18,30,102). The main central nervous system
(CNS)—mediated effects of cocaine include euphoria, agitation, anxiety, motor distur-
bances and psychotic episodes. Cocaine addiction is characterized by intermittent use, it is
significantly reinforced by environmental cues, which may progress and escalate intake
over time. Due to the development of tolerance and strong craving, repeated cocaine
intake may lead to compulsive use and a state of physical dependency (20). In such cases,
intake interruption leads to a severe withdrawal syndrome (18,21,102).

The effects of cocaine in animals parallel those in humans. Cocaine is self-adminis-
tered by animals and its compulsive intake has fatal consequences. With unlimited access,
death occurs after 2 weeks. Cocaine intake in animals, like in humans, is strongly modu-
lated by environmental cues and cessation induces a withdrawal syndrome (38). Different
animal models have been used to investigate putative new therapies for cocaine abuse and
associated disorders, such as craving, withdrawal, and relapse (54). Abuse and de-
pendence on cocaine, often complicated with abuse of other drugs, creates a dramatic
medical and social burden for the individual (68). A significant percentage of the popu-
lation in Western societies abuses or takes cocaine on a daily basis (102). Actually, 2.7%
of cocaine users are addicted and around 17% of people taking cocaine have a risk of be-
coming addicted (63). Significant efforts have been made to find therapeutic agents to
treat different phases of cocaine abuse behavior. Up-to-date, however, there is no suc-
cessful therapy to either counteract the effects of cocaine or to treat concurrent psycho-
logical disorders (21,54). Therefore, antagonism of cocaine seeking behavior and of re-
lapse after intake cessation remain the main objectives of current research in the field of
cocaine addiction.

The Dopaminergic System and the Mechanisms
of Cocaine Action in Brain

The brain areas directly involved in the actions of cocaine are also the anatomical
targets of other psychostimulants. They include the ventral tegmental area (VTA), nucleus
accumbens (NAC), frontal cortex (FCX), hippocampus (HIP), and amygdala (AMG).
These areas are integrated in the so-called limbic system (36,102). Neurons in these re-
gions express several receptors — nicotinic, opioid, serotonin and dopamine — known to
be strongly involved in the modulation of mood and emotions. In particular, the rein-
forcing effects of cocaine involve the activity of neurons expressing dopamine D,-like re-
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ceptor subfamily in NAC, FCX, and VTA. The primary molecular effect of cocaine is the
blockade of the dopamine transporter (22,78,80). Subsequently, both dopamine levels and
dopamine receptor activity are altered. The progression of cocaine abuse involves dif-
ferent states; an important increase of dopaminergic activity is observed after cocaine in-
gestion, while a dopaminergic hypoactivity has been demonstrated after intake cessation
(62,98). Although other neurotransmitter systems may also contribute to the effects of co-
caine (76) the unequivocal role of the dopaminergic system supported the interest in the
therapeutic potential of dopamine agonists and antagonists. Dopamine agonists have facil-
itated the understanding of cocaine reinforcing mechanisms and they might have potential
utility in the treatment of some drug dependency disorders (26,54,68). However, the rein-
forcing effects of some dopamine agonists (2,89,97,101) preclude their clinical use be-
cause of their drug abuse liability. Dopamine D, receptor antagonism has also been con-
sidered, particularly because of its reduced side effect liability. However, the clinical
interest of this therapeutic principle remains rather controversial (for review see ref. 54).
In contrast, a dopamine D,-like receptor agonist with potential anticraving effects is in
phase II clinical evaluation (26,68). Several studies have demonstrated that the non-se-
lective D, receptor antagonists, such as haloperidol or spiperone, may block the rein-
forcing effects of cocaine, but the net balance resulted in an increase rather than a re-
duction of cocaine intake (27,73,74). Dopamine D, receptor antagonists may help to treat
cocaine-associated psychotic episodes (20,21), but extrapyramidal side effects (EPS) and
hormonal actions associated with D, receptor blockade significantly reduce their thera-
peutic utility in the treatment of cocaine addiction. During the last decade, several studies
suggested that partial agonists acting at dopaminergic D,-like receptors might effectively
treat cocaine seeking behavior (13,29,69,70). Actually, partial agonists are interesting
pharmacological tools because their activity might be dependent on receptor occupancy
by endogenous agonists. The use of dopamine D,-like partial agonists may reduce in-
creased dopaminergic activity after cocaine intake, but it may also maintain a low stimu-
lation tonus after intake cessation. By maintaining a low level of receptor activation, these
partial agonists may block cocaine-seeking behavior mechanisms associated with reduced
dopamine stimulation (70). Pioneer studies suggested that partial agonism at D receptors
may have beneficial effects against cocaine abuse (13,69). However, these promising data
raised many questions due to the somewhat low D;/D, selectivity of the compounds used.

The Dopamine D; Receptor and the Treatment of Cocaine Craving

Recently, the use of more selective dopamine receptor ligands furthered our under-
standing of the role of dopamine receptors in cocaine craving and withdrawal syndromes.
Numerous studies have implicated dopamine D; receptors in the mechanisms of psycho-
stimulant addiction (2,13,14,43,52,59,85,95). The dopamine D, receptor was cloned and
sequenced early in the 1990s (86). It is a seven-transmembrane domain receptor with se-
quence homology to the D,-like receptor subfamily, which also includes the D, and D, re-
ceptors (87, 88). The D, receptor is a G-protein-coupled receptor and its stimulation leads
to a reduction of intracellular cAMP levels by inhibiting adenylate cyclase, apparently
through Ga,, and G; G-proteins (82,86-88,94). Dopamine D, receptor expression has
been demonstrated in different regions of the human and rodent brain by using in situ hy-
bridization and northern blots. Particularly high levels of D; receptor mRNA transcripts
have been detected in olfactory bulb, hypothalamus, islands of Calleja (ICJ), FCX, VTA,

CNS Drug Reviews, Vol. 9, No. 2, 2003



144 F. J GARCIA-LADONA AND B. F. COX

and cerebellum (39,40,58,86,87,88). Radioligand binding studies using D;-selective com-
pounds have confirmed the presence of D, receptor protein in these areas (39,40,45,48,
58,88,90). Although all of the physiological functions of D, receptors have not been deter-
mined, their anatomical distribution in the limbic system suggests a role in controlling
mood and emotional states (31,39,58,86). The affinity of typical and atypical antipsycho-
tics strongly support this D,-like receptor as an interesting therapeutic target for treatment
of neuropsychiatric disorders such as schizophrenia, psychosis, and Parkinson’s disease
(32,47,86,87,88).

Data obtained in studies combining neuroanatomical techniques with the assessment of
functional parameters (or by using knockout mice) have shown the presence of functional
D, receptors in the mesolimbic dopaminergic system (1,19,35,37,49,72,104). This brain
system is the anatomical substrate of the reinforcing actions of several drugs of abuse and
brain reward mechanisms (36,101). In a seminal article, Caine and Koob (13) reported
that R(+)7-OH-DPAT, a D;-selective compound, was able to reduce cocaine self-adminis-
tration at doses that do not induce reinforcement. A recent study using a paradigm of co-
caine self-administration in rhesus monkeys demonstrated that dopamine antagonists de-
creased response rates and cocaine intake in a dose-dependent manner, with their rank
order potency correlating to their dopamine Dj receptor affinity (59). It has also been
shown that D, selective agonists, such as PD 128907 or R(+)7-OH-DPAT, could replace
cocaine as a discriminative stimulus in rats (2) and monkeys (85). R(+)7-OH-DPAT pro-
moted reinstatement of lever press responding in an animal model of drug seeking be-
havior, indicating that D, agonism may induce relapse after cocaine cessation (84). Co-
caine abuse may induce molecular changes, such as receptor expression or activation of
immediate early genes, possibly affecting the brain reward system and leading, in turn, to
tolerance, compulsive use, and the psychological changes observed during withdrawal
(24,41,77,91,93,94,96). In contrast to previous observations on dopamine D, and D, re-
ceptors (53), an increase of dopamine D; receptor binding has been observed in the
mesolimbic brain areas (caudate, putamen, NAC, and SN) of human subjects who died
from cocaine abuse (90). Similarly, post-mortem analysis of human brains after cocaine-
induced death revealed that NAC displays increased levels of dopamine D; mRNA tran-
scripts (83). Taken together, these data demonstrate that dopamine D, receptors are in-
volved in cocaine-reinforcing effects and strongly support the hypothesis that this receptor
is an important target for treatment of cocaine abuse and seeking-behavior. Recent studies
performed with the dopamine Dj receptor selective compounds BP 897 and SB 277011A
represent a significant progress in this direction (7,66,95; see below).

CHEMISTRY, ORIGIN, AND PROPRIETARY POSITION

BP 897 or BP 4.897 (N-4-[4-(2-methoxyphenyl)-1-piperazinyl]butylnaphtalene-2-car-
boxamide), previously known as DO 897, is a 2-naphthamide derivative of arylpipera-
zines (Fig. 1). BP 897 originated in the drug discovery program of Bioproject, an aca-
demic-industry joint venture based in France. BP 897 and several other analogues were
synthesized by a CNRS/Bioproject group and disclosed in the European patent appli-
cation (EP00779284) as compounds with agonist activity at D, receptors useful in the
treatment of Parkinson’s disease or as compounds with partial agonist activity useful in
the treatment of drug addiction, withdrawal, depression, and psychotic disorders. During
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Fig. 1. Chemical structure of BP-897, N-{4-[4-(2-methoxyphenyl)-1-piperazinyl]butyl } naphtalene-2-carboxamide.

the last 2 years, two groups at INSERM (France) and Cambridge University (UK) investi-
gated BP 897 for its potential use in the treatment of cocaine-seeking behavior. BP 8§97
entered phase I studies in 1999 in the United Kingdom as well as in France, but its devel-
opment has been discontinued in the United Kingdom (Table 1). BP 897 is currently in a
phase II study in France for the treatment of cocaine, nicotine and alcohol addiction,
schizophrenia, and Parkinson’s disease (81).

IN VITRO PHARMACOLOGY OF BP 897

Receptor Binding Profile

BP-897 binds with high affinity (K; = 0.92 nM) to dopamine D, receptors expressed in
CHO cells (66; Table 2). BP 897 is 70-fold more selective for human dopamine D, versus
human dopamine D, receptors, as shown by its lower affinity (K;=61nM) at hD, re-
ceptors expressed in both CHO and COS-7 cells (66,79,103). Some investigators found a
somewhat lower binding affinity to D, receptors using CHO cells, but the D,/D, selec-

TABLE 1. BP897 development history, status, therapeutic indications and licensing opportunities

Year Status Coverage  Therapeutic Indication Licensing
1995 Patent Europe Drug addiction, withdrawal,
EP0779284A1 depression, psychotic disorders
1998 Preclinical England
France Cocaine withdrawal
1999 Phase [ France Cocaine abuse and withdrawal

Clinical Trial England
2001 Developemt England

Discontinued
Phase 11 France Cocaine addiction, nicotine EU, USA, Asia,
Clinical Trial addiction, alcohol addiction, Middle East,

schizophrenia, Parkinson’s disease South America
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tivity ratio was similar to that reported earlier (103). BP 897 displays very low affinity to
dopamine D, and D, receptors (66; Table 2). The activity and the affinity of BP 897 at
other G-protein-coupled receptors have not been extensively studied. However, it has been
shown that BP 897 displays moderate to high affinity to 5-HT, ,, as well as a,- and a,-ad-
renoceptors (K; = 84, 60, and 83 nM, respectively). BP 897 has very low or negligible af-
finity at 5-HT,, muscarinic, histamine, or opiate receptors (66).

Functional Activity at D; Receptors

Although the pharmacological effect of BP 897 has been unequivocally shown in
several animal models of dopaminergic activity (see below), the in vitro intrinsic activity
of BP 897 remains controversial (Table 3). In early studies, it was reported that BP 897 ac-
tivated adenylate cyclase and mitogenesis in NG108-15 cells expressing human dopamine
D, receptors. BP 897 potently inhibited (EC5, = 1 nM) forskolin-induced cAMP synthesis
(66) and increased (ECs, =3 nM) [*H]thymidine incorporation (64,66). The intrinsic ac-
tivity of BP 897 was clearly lower (£, ,, =55%) than that reported for full agonists
(Eax = 100%), such as dopamine and quinpirole, suggesting that BP 897 may act in vitro
as a partial agonist at human D, receptors (Table 3).

Recent studies have investigated the activity of BP 897 using different functional
assays in CHO cells permanently expressing human dopamine D, receptors (100,103). It
has been previously demonstrated that stimulation of human D, receptors induces changes
in acidification rates (15). Wood et al (103) have clearly shown that BP 897 did not induce
any change of acidification rate, while the D,/D; agonists, quinpirole and BHT 920,
dose-dependently induced a maximal response, in agreement with their full agonism in
vivo (17). BP 897 potently inhibited the acidification rate response of quinpirole in a com-
petitive manner (pK,, = 9.43). These findings are in agreement with its binding affinity at
human dopamine D, receptors and demonstrate its antagonist properties; however, they
are in contrast to previous data (64,66). Discrepancies between the pharmacology of a
given receptor expressed in different heterologous cell systems may be due to receptor re-
serve, promiscuity of intracellular signals, G-protein/receptor imbalance or efficacy in
functional coupling (60). It is difficult to explain the discrepancy observed for BP 897 be-
tween CHO and NG108-15 cells by different levels of receptor reserve or functional cou-

TABLE 2. Binding affinity (pK,) of BP§97
at different human dopamine receptors expressed in cell lines

Receptor pK; Cell lines Radioligand Reference
hD, 9.03 CHO cells ['**T]iodosulpiride 66
hD, 9.38 COS-7 cells [*H]nemonapride 79
hD, 8.80 CHO cells ['*I]iodosulpiride 103
hD, 7.21 CHO cells ['*’T]iodosulpiride 66
hD, 7.22 CHO cells ['**T]iodosulpiride 103
hD, 7.61 COS-7 cells [*H]nemonapride 79
hD, 6.52 CHO cells ['**T]iodospiperonene 66
hD, 5.52 CHO cells [3H]SCH23390 66
hD, 6 Not reported Not reported 66
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pling. Actually, BP 897 induced a mitogenic response in D;/NG108-15 cells close to
BHT 920 (£, = 68% versus 55%) (66). Data provided by Wood et al (103) demonstrated
the presence of significant receptor reserve in D;/CHO cells. In such a system, even a
weak partial agonist would have a strong agonistic activity, as with BHT 920, and this ac-
tivity was not detected for BP 897 (103). Induction of mitogenesis is an endpoint located
well downstream from receptor signaling cascades and can only be measured after long
incubation periods. Therefore, promiscuity between different intracellular signals cannot
be ruled out in this assay.

Because of the known reinforcing effects of dopamine agonists (2,85,89,97,101), it is
very important to precisely define the intrinsic activity of a new therapeutic agent de-
veloped to treat cocaine addiction. In order to investigate the intrinsic activity of BP 897,
we have studied its effect at human D, receptor/G-protein coupling, a functional mech-
anism occurring directly after ligand-receptor interaction (100). In this assay, quinpirole,
dopamine, and the D; selective compound PD 128907 possessed a strong intrinsic activity
suggesting full agonism; this is in agreement with other studies (51,61,94). BP 897 was
unable to modify the basal levels of [>>S]GTPyS, while it dose-dependently inhibited the
effect of dopamine (pICs, = 9.51). These values correlate with the reported (66) affinity at
hDj; receptor (K; = 0.92 nM). The lack of intrinsic activity, as well as the antagonism ob-
served in both microphysiometer and GTPyS binding assays, strongly suggest that BP 897
is an antagonist at the human dopamine D, receptor.

IN VIVO CNS PHARMACOLOGY

BP 897-Induced Modulation of c-fos Expression in Brain

It has been shown that neuroleptics induce the expression of c-fos, an immediate early
gene, in rat brain (16,50,75). This activity is associated with antagonism at dopamine
D,-like receptor family and agonism at dopamine D, receptors (66,72). The anatomical
pattern of induced c-fos expression by dopaminergic antagonists correlates with the locali-

TABLE 3. Functional activity of BP897 at human dopamine D, and D; receptors
expressed in different cell lines

Intrinsic

Receptor PECs, activity Cell line  Functional Assay  Assay effect Reference

hD, 8.52 Partial NG108-15 Mitogenesis [*H]Thymidine 64,66
agonist (55%) incorporation

hD, 9.00 Partial NG108-15 Adenylate cyclase Forkolin-induced 66
agonist (59%) cAMP

hD, 9.43% Antagonist CHO Microphysiometry Acidification rate 103

hD, 9.51® Antagonist CHO G-protein Agonist-induced 100

coupling GTPyS binding
hD, 7.29* Antagonist CHO Mitogenesis [*H]Thymidine 66
incorporation
hD, 8.05* Antagonist CHO Microphysiometry Acidification rate 103

Note. *pK, values; ® pICy,.
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zation of D, and D, receptors (55). Interestingly, D receptor selective antagonists are able
to induce c-fos expression in the Islands of Cajella, a major site of D receptor expression
(25,72). Pilla et al (66) have clearly shown that BP 897 dose-dependently (0.3-3 mg/kg,
i.p.) induced the expression of c-fos in rat brain (Table 4). Moreover, BP 897 (1 mg/kg,
i.p.) was able to potentiate the expression of c-fos triggered by D,-receptor selective ag-
onist SKF 39393 (10 mg/kg, i.p.) in rats, an effect related to antagonism at dopamine
D,/Dj, receptors (33,72). BP 897-induced potentiation of SKF 39393 effect on c-fos ex-
pression was observed also in wild-type mice but not in dopamine D, receptor-knockout
mice (66), suggesting a direct role of dopamine D, receptors in this response (Table 4). In-
terestingly, BP 897 alone minimally induced c-fos expression in control mice, which con-
trasts observations in rats (66). Whether these differences are due to a BP 897, species-
specific activity remains to be elucidated.

TABLE 4. Pharmacological effects of BP 897 in animals

Dose,
EDjy/activity mg/kg Ref-
Receptor i.p. Lp.  Species Area Comments erence
D, receptor occupancy 15 mg/kg —  Mouse Striatum [PHIN-PNAP* 66
D; receptor occupancy 0.5 mg/kg —  Mouse Striatum [*H]N-PNAP* 66
Catalepsy 12 mg/kg —  Rat 66
SKF3893 induced Potentiate 1 Rat After L-DOPA 43
contralateral rotation Sensitization 66
in 6-OHDA treated rats
Stereotypy Inactive —  Mouse 66
Firing rate (SN) Inactive 8 Rat Substantia nigra 100
Quinpirole-inhibited 1.1 mg/kg — Rat Substantia nigra 100
firing rate
Hypothermia Inactive 5 Rat 64
R(+)7-OH-DPAT- Inactive/ 5 Rat 64
induced hypothermia  Active >5
c-fos induction 0.3 mg/kg Rat Islands 66
of Calleja
Inactive? Mouse Islands 66
of Calleja
c-fos induction by Potentiate 1 Rat Islands 66
SKF38393 of Calleja
Potentiate 1 Mouse Islands 66
of Calleja
Inactive 1 D;-KO  Islands 66
Mouse of Calleja
c-fos induction by Reduce Somatosensory 42
cocaine-associated cues cortex
c-fos induction by Reduce Mouse Somatosensory Place 42
morphine conditioning cortex preference

2 [3H]N-propylnorapomorphine.
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Electrophysiological Effects of BP 897 in the Dopaminergic System

The inhibition of the firing rate of dopaminergic neurons in the nigrostriatal system is a
characteristic of Ds-selective agonists, while antagonists are devoid of any inhibitory
effect in this electrophysiological assay (37,44,65,99). Dopamine D; receptor selective
agonists, such as PD 128907 and 7-OH-DPAT, potently inhibit the firing rate of dopamin-
ergic neurons from VTA and substantia nigra (SN) (10,11,44,57,100). It has been shown
that agonist-induced inhibition in this model correlates with the affinity to dopamine Dj,
but not to D, receptors (37). Our in vitro data using the GTPyS binding assay (Table 3)
suggest that BP 897 is an antagonist at human D; receptors expressed in heterologous cell
systems (100). In the same publication we described that BP 897 has a similar pharmaco-
logical activity in dopaminergic neurons in vivo (100). At doses up to 8 mg/kg, i.v.,
BP 897 had no effect on spontaneous activity of SN neurons (Table 4). In addition,
BP 897 dose-dependently reversed the effect of D,/D, agonist quinpirole (100), strongly
suggesting in vivo dopaminergic antagonism. These findings are in agreement with the re-
ported inhibitory effects of other dopaminergic antagonists, such as haloperidol, cloza-
pine, L 741626, or the D, receptor-selective compound S 33084 (10,11,34,56) in the ago-
nist-induced inhibition of neuronal firing. The ED, of BP 897 (1.1 mg/kg, i.v.) was in
full agreement with its reported efficacy on D; receptor-modulated c-fos expression
(Table 4) and dopamine D, receptor-mediated L-DOPA sensitization (43,66). Moreover,
the ED5,, of BP 897 for inhibiting agonist-induced decrease of dopaminergic firing rate is
identical to its EDs, in cocaine-seeking behavior model in rats (66). Therefore, BP 897
acts in vivo as a dopamine D, antagonist when it inhibits agonist-induced decrease of
firing rate of SN neurons. This activity is in agreement with the reported in vitro potency
and intrinsic activity of BP 897 (100,103).

Effects of BP 897 in Animal Models of Cocaine Abuse
and Drug Seeking Behavior

Several studies have demonstrated the important role of dopamine D, receptor in the
effects of cocaine and psychostimulants (2,13,14,59,83,90; see also Table 5). The po-
tential of partial agonism at D, receptors as a therapeutic principle is supported by the ef-
fects of BP 897 in animal models of cocaine abuse. BP 897 on its own, did not show any
reinforcing effect in rats (66), while pretreatment with BP 8§97 in a rat model for drug
seeking behavior potently and dose-dependently reduced responding (66). Although this
effect was reported to be blocked by the Dj selective compound, nafadotride (66), it may
not be mediated by D, receptors. The authors did not report the blocking dose of
nafadotride, and it has been reported that nafadotride occupies dopamine D, receptors at
relatively low doses (ca. 1 mg/kg, s.c., or 3 mg/kg, i.p.) (46). In the rat model for cocaine
craving, cocaine administered during the drug seeking period induced an increase in re-
sponse which was not modified by BP 897 (66). Additional data in support of the anti-
craving properties of BP 897 have been recently reported in models of conditioned ac-
tivity (4,12,42). BP 897 (1 mg/kg, i.p.) blocked amphetamine conditioned activity when
administered in the post-conditioning period, but did not modify either amphetamine con-
ditioning per se or normal activity (4; Table 5). BP 897 blocked cocaine-conditioned hy-
peractivity in rats similarly to SB 277011-A, a D, selective antagonist (42). In the same
study, BP 897 was reported to block also nicotine conditioned activity and morphine-in-
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TABLE 5. Efficacy of BP 897 in animal models for drug abuse and drug seeking behavior

Receptor Activity Dose Species Area Comments Reference
Self-administration Inactive 0.05 mg/i.v. infusion Rats 66
Inactive 3-30 pg/kg, i.v Rhesus monkeys 7
Cocaine self- administration Inactive Upto Il mg/kg,i.p  Rat Continuous reinforcing 66
Active 10 mg/kg, i.p Mice schedule 7
Active - Monkey 6,7
Cocaine seeking behavior Reduced 1 mg/kg, i.p Rat Second order schedule 66
Amphetamine conditioning  Inhibited 1 mg/kg, i.p Rat Paired stimuli 4
Cocaine conditioning Inhibited Paired stimuli 42
Nicotine conditioning Inhibited Paired stimuli 42
Morphine place preference  Inhibited Paired stimuli 42
Cocaine conditioning Inhibited Rat N. Accumbens (shell) 10 mg/kg cocaine daily 12
Parameter electrical activity
Heroin seeking behavior Inactive Rat 67
Heroin reinforcing effects Inactive Rat 67
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duced place preference (42). In a different rat model of drug conditioned responses,
BP 897 blocked not only the behavioral activity associated with cocaine administration
cued by visual signals, but also reduced electrical signals between the VTA and NAC (12).
BP 897 was ineffective in a model of heroin seeking behavior in rats (67). All these data
together, strongly suggest that BP 897 is an antiseeking behavior compound with a broad
spectrum of therapeutic application. Whether this activity is due to weak partial agonism
or antagonism at dopamine D, receptors remains to be elucidated (4,42). Data obtained in
mice further support the potential for BP 897 in the treatment of psychostimulant abuse
and associated disorders. BP 897 was able to reduce cocaine and D-amphetamine discri-
minative stimulus in mice (7). However, the dose used in this study (10 mg/kg, i.p.)
strongly suggests that the effect of BP 897 could be due not only to dopamine D, but also
D, receptor occupation.

The effects of BP 897 have also been studied in rhesus monkeys. At doses up to
30 pg/kg, i.v., BP-897 did not display reinforcing effects (7). The authors mentioned that
at the doses used BP-897 may have been behaviorally active because of overt signs of se-
dation. However, no data on plasma levels of the compound have been reported, making it
difficult to rule out that plasma levels of BP 897 were insufficient to induce reinforcing. It
will be important to determine whether BP 897 at higher doses (>30 pg/kg, i.v.) may have
reinforcing effects. It has also been reported that BP 897 is able to reduce cocaine self-ad-
ministration in rhesus monkeys (6). Altogether, these data demonstrate that BP 897 is
active in blocking cocaine craving behavior but not the reinforcing effect liability.

Catalepsy

Catalepsy is a central mechanism induced by typical neuroleptics and is clearly as-
sociated with antagonism at D, receptors in nigrostriatal pathways. Catalepsy represents
an indicator of putative liability for parkinson-like EPS. BP 897 induced catalepsy
(EDy, = 12 mg/kg, i.p.) in rats (66); this effect correlated with its affinity (K; =61 nM)
and the maximal occupancy (EDs,=15mg/kg, i.p.) at dopamine D, receptors (66;
Table 4). These results clearly show that, at higher doses, BP 897 binds to dopamine D,
receptors in vivo.

Hypothermia

Some authors reported a correlation between dopamine agonist induced hypothermia
and binding affinity to dopamine D, receptors, suggesting a participation of these re-
ceptors in the control of body temperature (3,56). In contrast, studies conducted in do-
pamine D; and D, receptor knockout mice suggest that D,, rather than D, receptors, are
implicated in the mechanism of thermoregulation (8,9,64). BP 897 at doses below
5 mg/kg, i.p., was unable to either affect body temperature or to reverse the hypothermic
effect of R(+)7-OH-DPAT (66; Table 4). The lack of activity of BP 897 on body temper-
ature might be interpreted differently. The compound may be an antagonist at D, re-
ceptors, as suggested by some in vitro data (100,103); or dopamine D, receptor agonism
may not be involved in thermoregulation, as some studies in knockout mice indicated
(8,9,64).

At higher doses (>5 mg/kg, i.p.) BP 897 potentiated the hypothermic effect of a s.c. in-
jection of 160 umol/kg (s.c.) R(+)7-OH-DPAT. At this dose BP 897 should block not only
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dopamine D but also D, receptors. The reason for lack of efficacy of BP 897 in reversing
D, agonist mediated hypothermia (64) remains, therefore, unclear. An additive effect of
BP 897 with R(+)7-OH-DPAT suggests that either BP-897 or a putative metabolite are
active at a pharmacological target involved in body temperature control. It remains to be
elucidated, however, whether it is through an action at dopamine D, or D5 receptors. It has
been demonstrated that 5-HT, , agonism induces a reduction of body temperature (5). Due
to the moderate to high affinity of BP 897 (K, = 84 nM) for this serotoninergic receptor
(66), an action on the 5-HT, , receptor cannot be excluded, and may explain the observed
potentiation effect.

PHARMACOKINETICS, METABOLISM, SAFETY,
AND SIDE EFFECTS

Although detailed information on the metabolism or pharmacokinetics of BP 897 is
missing, some important indications can be inferred from the data published to date.
Studies performed in rodents and monkeys demonstrate that BP 897 is a CNS active com-
pound via multiple routes of administration — i.v., s.c., and i.p. Results obtained using
BP 897 as a radioligand further demonstrated a good brain bioavailability (28). Studies
regarding stability, pharmacokinetics, metabolism, and bioavailability have been an-
nounced, but currently no information is available in the public domain. Efficacious plas-
ma levels are unknown; however, a very low dose (0.5 mg/kg, i.p.) BP 897 is active in co-
caine-seeking behavior model, suggesting a high potency. Furthermore, BP 897 (1 mg/kg,
i.p.) induces an increase in c-fos expression in rat brain (Table 4). However, this effect ap-
pears to be minimal in mice (66). Whether this is due to a species-specific metabolism,
pharmacokinetic, or brain bioavailability remains unknown.

Toxicological data and the side-effect profile of BP 897 have not been reported so far;
thus, the therapeutic window for efficacy versus side effects remains unknown. It should
be stressed that BP 897 induced catalepsy (EDs, = 12 mg/kg, i.p.) in rats (66) and also in-
duced a return of parkinsonian symptoms in MPTP-treated monkeys previously treated
with L-DOPA (92). Thus, the compound has EPS liability, likely due to its dopamine D,
receptor affinity. Moreover, BP 897 potentiates R(+)7-OH-DPAT hypothermic effect (64)
indicating an interaction, at higher doses (>5 mg/kg, i.p.), with an additional receptor,
possibly 5-HT 4.

BP 897 clearly produced sedative effects in monkeys. However, whether these effects
are due to BP 897 action at D, or other receptors remains unclear. Although no data are
available on the intrinsic activity of BP 897 at adrenergic o, and serotonin 5-HT,, re-
ceptors, the reported affinity might suggest blood pressure changes as a putative side
effect associated with increasing doses. In monkeys, high doses (>30 pg/kg, i.v.) of
BP 897 may induce ptosis and lethargy (7). Altogether, these data suggest that the thera-
peutic window for BP 897 will need to be carefully monitored.

Metabolic and pharmacokinetic data are not available in the public domain. A phase I
study for BP 897 was initiated in 1999, but to our knowledge, no data have been reported.
Due to this important void of information, it is rather difficult to fully assess the thera-
peutic potential of BP 897 as a candidate for the treatment of cocaine seeking behavior.
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POTENTIAL OF BP 897
FOR THE TREATMENT OF COCAINE ADDICTION,
WITHDRAWAL, AND OTHER
NEUROPSYCHIATRIC DISORDERS

BP 897 is one of the most selective dopamine D, receptor compounds disclosed so far.
The potential of BP 897 for the treatment of cocaine abuse and associated disorders, in
particular cocaine craving and relapse after withdrawal, is strongly supported by results
obtained in rodents and primates (6,7,66; Table 5). The efficacy of BP 897 in animal
models for drug conditioning using other psychostimulants suggests it has a broad po-
tential for the treatment of drug-seeking behavior (Table 5) The claimed partial agonism
of BP 897 may ensure the necessary stimulation of dopamine D, receptors in the mesolim-
bic system to avoid relapse. However, discordant data (66,100,103) on intrinsic activity of
BP 897 in vitro, complex interpretation of in vivo Dy selective activity, as well as the
missing pharmacokinetic information, do not allow for a conclusive validation of the ther-
apeutic principle — partial agonism at dopamine Dj receptor — for the treatment of co-
caine abuse and craving. Actually, a very recent study shows that SB 277011-A, a se-
lective dopamine D, receptor antagonist, blocked not only cocaine-seeking behavior
(6 mg/kg, i.p.) but also cocaine-induced place preference (1-10 mg/kg, i.p.) and electrical
brain stimulation reward (3 mg/kg, i.p.) (95). These findings are somewhat opposed to the
theory of dopamine D, partial agonism as effective treatment of cocaine addiction, and
they suggest that BP 897 effects are due to dopamine D, receptor antagonism. The avail-
ability of additional dopamine D5 receptor compounds with increased selectivity may sig-
nificantly help in future investigations of this promising therapeutic approach. A recent
structure-activity relationship study disclosed some BP 897 derivatives with better selec-
tivity ratios (23). The exciting results with BP 897 warrant additional therapeutic vali-
dation studies.

Recently, there has been increasing interest in the dopamine D, receptor as a target for
the treatment of Parkinsons’s disease and associated disorders (32). However, the reported
effects of BP 897 in MPTP-treated monkeys as well as its D,/D, antagonism are likely to
exclude any use of this compound in Parkinson’s disease. The seminal papers reporting
the cloning and expression of the dopamine D, receptors emphasized the putative impor-
tance of this D,-like receptor for the treatment of psychosis and schizophrenia (25,31,32,
86). During the last decade, significant data have been accumulated supporting this hy-
pothesis (71). Several companies have disclosed the development of dopamine Dj re-
ceptor antagonists for the treatment of psychosis (25). Taking into account the reported
partial agonism (66) or even antagonism (100,103) of BP-897, it is worth considering this
compound, like other D receptor antagonists, as a good candidate to treat schizophrenia
and psychosis, including those induced by cocaine. The selectivity of BP 897 for D,
versus D, receptors, the reported D, antagonism, and its excellent brain penetration
support BP 897 as a good candidate to be an atypical neuroleptic. Interestingly, current
phase II studies included schizophrenia and psychotic disorders as therapeutic indications.
No studies addressing this hypothesis in animal models have been published yet, but they
will probably appear in the future.
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APPENDIX

Chemical Names

BHT 920, 6-allyl-5,6,7,8-tetrahydro-4H-thiazolo[4,5-d]azepin-2-amine;

7-OH-DPAT, 7-hydroxy-dipropylaminotetralin hydrobromide

L 741626, 3-[4-(4-chlorophenyl-4-hydroxypiperidino)methyl]indole

MPTP, N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine

Nafadotride, N[(n-butyl-2-pyrrolidinyl)methyl]-1-methoxy-4-cyano naphtalene-2-carboxamide

PD 128907, (+)-trans-3,4,4a,10b-tetrahydro-4-propyl-2H,5H-[1]benzopyrano[4,3b]-1,4-0xazin-9-ol

Quinpirole, (4aR-trans)-4,4a, 5,6,7,8,8a,9-octahydro-propyl-1H-pyrazolo[3,4-g]quinoline

S 33084, (3aR,9bS)-N-[4-(8-cyano-1, 3a,4,9b-tetrahydro-3H-benzopyrano[3,4-c]pyrrole-2-yl)-bu-
tyl]-(4-phenyl) benzamide

SB 277011-A, trans-N-[4-[2-(6-cyano-1,2,3,4-tetrahydroisoquinolin-2-yl)ethyl]cyclohexyl]-4-
quinolininecarboxamide

SKF 38393, 1-phenyl-2,3,4,5-tetrahydro-(1H)-3-benzazepine-7,8-diol
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